
UNCLASSIFIED

AD 296871

ARMED SERVICES TECHNICAL INFMION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation vhatsoever; and the fact that the Govern-
ment may have forimulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



206 871- -l
2987 December 1962

Report No. 0162-OlTN-62-20

STRUCTURAL VERIFICATION TESTS
OF THE AEROJET

C) UTI LI TY VAN
C/10

....... AFBSD TECHN ICAL NOTE BSD-TDR-62-330

CONTRACT NO. AF 33(600)361

AEROJET-GEN-ERAL CORPORATION
* SOLID ROCKST PLANT 0 SACRAMENTO, CALIFORNIA
A GUI10IARY OF T HE (19NER AL TIRE & RUBBER COMPANY

COPY NO.

W. 0. 0380



Technical Note
AFBSD-TDR -62 -330
AFBM Exhibit 58-1 December 1962

Report No. 0i62-O1TN-62-20

STRUCTURAL VERIFICATION TESTS

OF THE AEROJET

UTILITY VAN

Prepared by

W. D. Hulse
Mechanical Environment Group

AFBSD TECHNICAL NOTE BSD-TDR-62-330

CONTRACT NO. AF 33(600)-36610

Prepared for

HQ, AIR FORCE BALLISTIC SYSTEMS DIVISION
AIR FORCE SYSTEMS COMMAND, USAF

AIR FORCE UNIT POST OFFICE
Los Angeles 45, California

Attn: Tech Data Center

Approved by:

C. C. Conway--Wanager
Minuteman Program

AEJET
SOLID ROCKET PLANT SACRAMENTO, CALIFORNIA

EAu ,A,

A SUUUSDIAR~Y OF THE GENERAL TIMM A MUMMER COMPANY



Report No. 0162-01TN-62-Z0

PREFACE

Acknowledgment is made to the following persons for the preparation

of this report: W. D. Hulse, Mechanical Environment Group; H. E. Johnson,

Environmental Test Operations; Max Halebsky, Minuteman Environmental

Program; and D. P. Campbell, Technical Editor.

U



Report No. 0162-OITN-62-20

ABSTRACT

Structural tests to verify the acceptability of the Aerojet-General Utility

van as a transport vehicle for second-stage Minuteman operational motors

have been successfully completed. During the tests, the van and tie-downs were

subjected to limit loads to determine stress levels at critical load points and to

measure vehicle deflection and recovery from the downward and side loads

imposed.
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I. INTRODUCTION

To verify the acceptability of the Aerojet-General Utility van as a transport

vehicle for Minuteman second-stage operational motors, the van and motor-

harness tie-downs were subjected to structural tests. These tests were conducted

in conjunction with climatic environmental tests as described in AFBSD-TDR-62-331,

'THigh- and Low-Temperature Tests of the Aerojet Utility Van."

II. SUMMARY

The Aerojet Utility van and tie-downs successfully met structural criteria.

The van and tie-downs were subjected to limit loads to determine stress levels

at critical load points and to measure vehicle deflection and recovery from the

downward and sideward loads imposed.

III. TECHNICAL DISCUSSION

A. TEST UNITS

1. Test Facility

The tests were performed at the structural test facility of the

Aerojet, Sacramento, Solid Rocket Plant. Hydraulic load actuators were used

in the tests and a load factor of 1.0 was equal to 13,000 lb.

2. Aerojet Utility Van and Tie-downs

Aerojet Utility van, model VR-01152A, serial number 372911

(AF 348874), was the. test vehicle. The van had been modified in accordance

Page I
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III, A, Test Units (,_ont.)

with Aerojet drawing T-492674A. Figure I shows the van installed in the test

stand and Figure 2 shows the harness tie-down attached to the Boeing operational

harness.

3. Test Motor and Harness

Minuteman motor 44TR-1, serial number 519578, cast with

propellant simulant, was the test motor. The motor was supported in the van by

a Boeing operational harness, PN 25-18032.

B. INSTRUMENTATION AND DATA RECORDING

1. Eleven biaxial strain gages were located at critical van load

points to determine stress levels (Figures 3 through 5). The strain gages were

Baldwin-Lima-Hamilton type AX-5 gages designed to register strain to 20,000

microin/in.

2. One 50K and two 20K Baldwin-Lima -Hamilton load cells were

used to record applied load.

3. A standard Aerojet balance and calibration unit with Kintel III

BF amplifiers was used to check out the load cells.

4. The recording oscillograph was a Consolidated Electronics

Corp. (CEC) model 5-119P4-36 with CEC-318 galvonometers.

5. Two horizontal reference datum lines of piano wire were

installed approximately 4 in. below the walls of the van and parallel to the bottom

Page 2
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III, B, Instrumentation and Data Recording (cont.)

of the van for measuring deflection. Preload, at-load, and postload measure-

ments were taken at 12 locations (Figure 6) in Phase 2 of the test and at 14

locations in Phase 3.

6. Two dial gages with 3-in. stroke indicators were located under

the center of the van to measure deflection at data points 9 and 10 (Figure 6).

Two dial gages with 1/2-in. stroke indicators were located under the rear

axle to measure rear axle deflection.

7. Measurements taken at each of the data points were as follows:

a. Prior to load application.

b. Two minutes after the load had been applied.

c. After removal of the applied load.

C. TEST CONDITIONS

1. General

The Aerojet Utility Van was instrumented and placed in the

test stand as shown in Figures 1 and 7 for the forward and aft load tests, Phase 1,

which were performed on 20 August 1962. Phase 3, the side-loading test, was

performed 21 August. The motor was then removed from the van and the van

was prepared for the downward-loading test, Phase 2, which was performed

on 28 August.

2. Test Phases

The structural tests were conducted in three phases as follows:

a. Phase i

Page 3
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III, C, Test Conditions (cont.)

With the motor and harness secured in the van to provide

a downward vertical load factor of 1.0, additional forward and aft loads of 2.0

were applied and maintained for 5 min. Figure 8 shows the method of applying

forward and aft loads. Strain-gage measurements were recorded during this

test phase.

b. Phase 2

With the van emptied of the motor and harness, a down-

ward load of 3. 0 was applied at the areas of harness wheel contact with the van

rails. The load was applied evenly and simultaneously to the four points of

contact by the hydraulic actuators acting against two beams extending through

the side access doors of the van. The load was maintained for 5 min. Both

strain-gage and deflection measurements were recorded during this test phase.

Figures 9 and 10 show the downward-load test setup.

c. Phase 3

With the motor and harness secured in the van to provide

a downward vertical load factor of 1.0, a side load factor of 1. 0 was applied to

act through the center of gravity of the motor. The load was maintained for 5

min. As in Phase 2, deflection and recovery measurements were recorded in

addition to the strain-gage measurements. Figures II through 13 show the side-

load test setup.

D. TEST RESULTS

Tables I through 4 list the recorded maximum strain for each phase

of the test. Tables 5 and 6 show deflection and recovery data for Phases 2 and 3,

Page 4
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III, Test Results (cont.)

respectively. Load-vs-time plots for the forward- and aft-load tests of Phase 1

are shown in Figures 14 and 15, respectively. Figures 16 and 17 are load-vs-

time plots for Phases 2 and 3, respectively. Appendix A is the Integrated Testing

and Inspection documentation as contained in the Minuteman Engineering and

Inspection Summary (MEIS). Appendix B is the Operations Log for the tests.

First postdeflection measurements taken at the close of Phase 2

differed from the predeflection measurements by approximately 1/2 in. This

difference was caused by the normal loss of air in the air-bag suspension system

during load application. Minimal air loss results in activation of the system's

rotary air-control valve by the mechanical sensing linkage. To obtain correct

postdeflection measurements, the system was bled and repressurized to the

starting pressure.

Appendix C, Structural Analyses Summary Sheet, presents calcula-

tions of stress analyses of the transport tie-down fittings within the van, the

aircraft tie-down fittings outside the van, and the stress analyses of the Aerojet-

designed transport cradles.

IV. CONCLUSIONS

All test objections were achieved. The Aerojet Utility van and motor tie-

downs successfully withstood the load forces applied in the three test phases.

There was no evidence of structural failure or permanent deformation. The van

with tie-downs, therefore, qualifies structurally as an acceptable transport

vehicle for Minuteman second-stage operational motors.

Page 5
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TABLE 1

Maximum Strains Imposed During Forward-Load Test,
Utility Van Test Phase 1

Functions Maximum Strain (Micro in./in.) Stress lb

(W) (- in2

S1-X 12.87 0 386.1

S1-Z 33.12 0 993.6

s2-&C 185.60 7.25 5568.o

S2-YX 9.80 749.70 224.9.8(-)

S3-7 464.72 0 6o7

S3-z 168.98 2.84 1689.8

S4-Y 2.94 183.75 1837.5(-)

S4-Z 45.57 0 455.7

Ss-X 4.29 22.88 686.4(-)

S5-Y 2.96 42.92 1287.6(-)

s6-x 60.o6 0 1801.8

s6-Y 0 153.70 1.611.o(-)

R-2 Record

S7-Y 0 113.16 1131.6(-)

S7-Z 2.80 36.40 364.0(-)

S8- 21.76 0 652.8

S8-Y 30.36 4.14 910.8

89-a 93.84 0 2815.2

S9-Y 79.65 10.80 2389.5

o10-Y 0 8.40 84.o(-)

S1o-Z 21.92 0 219.2

s11- 48.30 1.38 1449.o

s11-Y 5.48 lo.96 328.8(-)

NOTE: C.) Indicates upward deflection on the record, -) Indicates
Downward deflection.

Table I
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TABLE 2

Maximum Strains Imposed During Aft-Load Test,
Utility Van Test Phase 1

Functions Maximum Strain (Micro in./in.) Stress(psi)

(+) (-)

sz-x 0. 8.58 257.4(-

Sl-Z 0. 37.26 1117.8(-)

S2-XY 0. 337.85 10135.5(-)

S2-x 784.00 0 23520.0

S3-Y 325.60 0 3256.0

S3-Z 0 107.25 1072.5(-)

S4-Y 91.14 0 911.4

s4-z 0 48.51 485.1(-)

S5-X 6o.o6 0 1801.8

S5-Y 19.24 37.00 1110.0(-)

S6-X 0 57.20 17160 (-)

s6-Y 75.Lo 0 2262.0

R-2 Record

S7-Y 0 20.70 207.0(-

S7-Z 33.60 1.40 336.0

S8-X 1.36 17.68 530.4(-)

S8-Y 0 17.94 538.2(-)

sg-a 100.74 0 3022.2

S9-Y 22.95 12.15 688.5

SlO-Y 0 61.61 616.1(-)

S1O-Z 1.37 16.4.4 16".4(-)

Sl1-X 0 67.62 2028.6(-)

Sll-Y 23.29 13.70 698.7

NOTE: (.) Indicates trace deflection upwards on record. (-) Indicates

Downward deflection.

Table 2
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TABLE 3

Maximum Strains Imposed During Downward-Load Test,
Utility Van Test Phase 2

Functions Maximum Strain (Micro in./in.) Stress (psi)
(+ (-

S1-4X 0 L6.o8 1382.2(-)
S1-Z 18.85 31.90 957.0(-)

S2-XY 0 307.34 9220.2(-)
S2-YX 5o.4o 0 1512.0

S3-Y 14.60 33.58 335.8(-)
S3-Z No. Calibration Available

s4-Y 224.51 14.30 2245.1
s4-z 18.24 404 41 o.(-

s5-x 0 74.97 2249.1(-)
S5-Y 58.80 19.11 1764.0

s6-x 0 26o.19 7805.7(-)

s6-Y 79.38 155.82 L674.6(-)

R-2 Record

S7-Y No Trace on Record
S7-Z 12.69 19.74 197.4(-)

s8-X 0 26.22 786.6(-)
S8-Y 14.7o 2.94 L41.o

S9-Z 72.61 0 2178.3
S9-Y 119.85 11.28 3595.5

310-Y 6.90 19.32 193.2(-)
Sio-Z 0 45.87 458.7(-7

Sl-X 20.85 0 625.5
Sl1-Y 0 27.93 837.9

NOTE: (+} Indicates upward deflection on the record, (-) Indicates

Downward deflection.

Table 3
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TABLE 4

Maximum Strains Imposed During Side-Load Test,
Utility Van Test Phase 3

Function Maximum Strain (Micro in./in.) Stress (psi)
(W) (-

Sl-x 5.76 14.4o 432.o(-)

S1-z 0 24.31 729°3(-)

S2-xY 0 21.75 652.5(-)

S2-YX 102.48 29.28 3074.4

S3-y 88.80 7.40 888.0

S3-z 50.05 54.34 54.(-)

s4-Y 172.50 12.00 1725.0

S4-z 49.50 49.50 495.0

S5-X 0 14.70 L14i.o(-)

S5-Y 36.oo 4.50 108o.0(-)

s6-x 6G.90 62.35 1870.5(-)

s6-4 W.88 48.8 1445.4(-)

R-2 Record

S7-Y 99.36 107.64 1076.4(-)

S7-z 14.00 77.0 770.0(-)

S8-4 29.92 35.36 lo6o.8(-)

58-Y 39.20 30.80 1176.0

S94 142.80 0 4284.0

S9-Y 0 29.70 891.0

SlO-Y 0 63.00 630.0(-

Slo-Z 0 75.90 759.0(-)

S1 -X 13.60 29.92 097.6(-)

S1I-Y 13.70 52.06 1561.8(-)

NOTE: (+) Indicates trace deflection upward on record. (- Indicates

downward deflection.

Table 4
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TABLE 5

Defelection and Recovery Measurements, Phase 2,
Utility Van Test*

LOCATION PRE LOAD AT LOAD POST LOAD

1 4.062 4.0 4.o

2 4.562 3.75 4.312

3 4.312 3.625 4.562

4 4.312 3.375 4.562

5 4.437 3.562 4.75

6 4.187 3.50 4.50

7 4.00 3.50 4.062

8 3.75 3.625 4.68

9 .000 .637 .25

10 .000 .879 .25

11 .000 .355 .039

12 .000 .467 .0625

Rz Bag Pres 25# 90# 30#

Lt Bag Press 20# 70# 17#

* Measurements, in inches, show variations between van sub-frame and

reference datum lines

Table 5
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TABLE 6

Defelection and Recovery l'easurements, Phase 3,
Utility Van Test.*

LOCATION PRE LOAD AT LOAD POST LOAD

1 4.42 7.625 4.50

2 4.73 7.75 4.81

3 5.06 7.93 5.12

4 5.50 8.125 5.43

5 4.72 3.109 5.68

6 5.12 2.84 5.12

7 5.75 2.75 4.68

8 4.25 2.67 4.25

9 0.0955 0.25 0.810

10 0.094 0.07 0.356

11 9.0 7.75 8.93

12 9.0 7.875 8.68

13 0.074 0.310 0.124

14 0.073 0.201 0.082

Rt Bag Press 75# 0# 60#

Lt Bag Press 75# 20# 65#

*I' e-surements, in inches, show variations between van sub-frame and
reference dtum lines

Table 6
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Method of Applying Forward and Aft Loads

Figure 85
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APPENDIX B
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ST Form 1013 Rev 2 TEST OPERATIONS
Aerojet-Genoral MOTOR LOG OF TIME VS OPERATION
Corporation, SRP W.O. NO. E-00488

- STRUCTURAL VERIFICATION

AGC 3-128-631 TYPE OF TEST

C.R. NO. TEST ENGINEER W. D. Hulse

pRORAM MINUTEMAN TFT SERIES MM2-QZ-02S-STOl SS 1 Ole

TEST SPECIMEN Utility Van VR-I152A

DATE TIM OPERAT ION

8-10-62 2330 Van arrived SRPTA for structural testing.

8-13-62 1800 Strain gage installation started.

2400 Strain gage installation complete.

8-14-62 11400 Van moved into test position. Mechanical setup started.

8-20-62 1800 Mechanical setup complete.

2100 Phase I-A test conducted - forward loading.

2200 Phase I-B test conducted - aft loading. Side loading hardware

installation started.

8-21-62 1000 Side loading hardware installation completed.

1U Phase 3 test conducted.

1300 Removal of hardware begun.

1900 Van left SRPTA for motor removal at 8Ll.

8-22-62 0900 Van returns.

I 16OO Hardware and plumbing installed.

1900 Brake accumulator tank over-pressurized and deetroyed.

Test detained awaiting repair.

8-27-62 1600 Temporary system installed to pressurize air bags.

8-28-62 1200 Hydraulic system set up.

13 Phase 2 of test conducted.

1500 Removal of hardware begun.

8-29-62 15oo Van returned to gate #1.
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